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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a thin dielectric film 
having both of higher relative dielectric constant and higher 
insulation and a manufacturing method thereof. 
SOLUTION: In a thin dielectric film 2 having a thickness of 0.3- 
2 jlim consisting of perovskite-type crystal grains 3 containing 
Pb, Mg, Nb and Ti as metal elements, the perovskite-type 
crystal grain 3 has a grain diameter D and the film consists of 
flat grains 3 whose average diameter d is larger than the film 
thickness t. Here, the thin dielectric film 2 has a relative 
di lectric constant not less than 250 and a breakdown voltage 
not less than 60 V/ U m at frequency 1 kHz (at room 
t mperature) for measurement. 



2- 



LEGAL STATUS 

[Date of request for examination] 02.08.2001 
[Date of sending the examiner's decision of rejection] 
[Kind of final disposal of application other than the 

xaminer's decision of rejection or application 
c n verted registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of r qu sting app al against examiner's d cisi n 
f r jecti n] 

[Date of extinction of right] 

C pyright (C); 1998.2003 Japan Pat nt Office 



http://www19.ipdl jpo.g jp/PA1/result/d tail/main/wAAA3lairPDA41 1 103022P1.htm 



03/07/04 



I 



f 



<19)B#S*mjf (J P> (12) |fj i£f fft £j $| (A) (ll)ttilttHiB&Bi## 

#^11-103022 

(43)&H5 5 FfiEll¥0999)4^13B 



(SI) Int.O. B agijfa^ F I 

H 0 1 L 27/04 HO 1L 27/04 C 

21/822 C2 3C 18/12 



C2 3C 18/12 






HO IB 3/00 H 


H 0 1 B 3/00 






3/12 3 0 2 


3/12 


3 0 2 




H0 1G 4/12 3 5 8 








*at# m^*co»4 ol <^6 m) m$mizm< 


<21)ttt«#^ 


ftB¥9- 264562 




(7DHSA 000006633 










(22)tfMB 


5p^9^(1997)9^29B 






























(54) mwozm 









(57) mm 

HMO !Kv\Jt86«*ti*VMtftl»ttfeJl(^fll^.feS8ti#: 

£«7Gffti: LT P b , Mg, NbfeWT 

3~2/*m<Z)g§«ft$iBl2T<&-oT, ^D^XM hS 
*SBte?- 3 jtfc ^O^i^fl d tffflUf: t J: y v *« 

tt. kHz T?0>JfcSWWS# 2 5 0 

O JgiLh. ftfifflftMttBEtf 6 0 V/ a mR±T*3b 51^ 



V . . D ; 

— > 



LZI 



(2) 

1 

imm*<Mim] 

[J*#£l] &JR73S£bTPb, Mg, Nbfe<fct/T 
iBfifitf-tf, ■€■© ¥«1 d Affii t J: y v ^flS¥ 

[tt#*2] wejg&fti kHz X'cotmmm 

#250 OKI, *fiBaft»«BE*< 6 0 V/timPAtVtb 
•53 £: &#Mt1-5lf*« l !B*c©Siffifls*Il<, 

Jg&M g-O-Nbg^&ftSMgNb m&T)l=i 3f 
S/K^SrfflV^T, Pb, Mg, N b a5J:.tfT i fc^tf 

©BffSg#^£S4£±{CO. 3-0. 7 5flmfflf»T 

n©m. 

-;k 1, 3 S^fr-Jk 2, 4 -'S 

-;bT*&&3 SrWSfc -t 3 gE«®Sftt#$¥fli 20 

[0 0 0 1] 

©BHttcwu #k:dram, ^y^vytr^^y 
wzmH^mtemm^yTyv&mmtmmmf^cD 

[0 0 0 2] 

[t&fe&fl?] a*, «?«WBKo/j>stfbic:m\ m^sua 

[0003] flat ^3>r>tWi: 

m. CVD&«©*&Bli££ffl^TTa2 O 

5 ^SrTi03, (Ba, S r ) T i O3 titeVLWl 

fc. fit*, 3;fte>/M^S©«§l=/>-r>-* 
5Pb (Mgi/3 Nb2/3) O3 (WTPMN tvx? 3 

) flttcf^sns-^D^*^ h^a^iWb 40 

*>. 

[0 0 04] 

feofeo 50 



1 1- 1 0 3 0 2 2 

2 

[000 5] * fc. ±f e^Ig^j£#&Tte * 5 >V * 

[0 0 0 6] afcfSfltt. «v^SI«^i:lSvNii®^14&* 
[0 0 0 7] 

^M^MULX Pb, Mg, Nb*5«fct>*T i fe-gftf^D 

^* >r hssssfit?*^ e> tezmm 0 . 3 ~ 2 n man 

i!HB^n^*>f MSHftH^ 
*©¥*®KE&d #BWt ± y fc*sv\4(pp«J?^e>fc& 
*»©T&5. smttMRfc -WOlifflRl kHz (S 

s) x-<Di:mmm^2 5 0 ojgjub. iteMfeaimEE^ 6 0 

[0 0 0 8] *98«®8mftiiK». ^lilUT 

JPMb^®#fcTtCfeV^T : fe>Sc3fe!!feMg-0-N b*g£- 
&ft6MgNba^7;i/3*'>Fd?S:lV^T, P 
b, Mg, Nb33J:«tTiS-*t?/<n^*W h§y&-& 
IWbttcoWKWam&f^HU 3tf)MSg{fc?§M£«fe±: 
(CO. 3~0. 7 S tim<DB&T*mftU tttf&IU $E 
j*1-*3i:tcJ:yfEK3ftS. 33T% 2ffi7>lzi-)\s 
li, 1, s-^a/^^*-^, 1, 3 

;b, 2, 4 -^>*>^;fr-;i/T*&53fc#M*LVx. 
[0 0 0 9] 

[#ffl] ^SWOTWWWlKTli. kHz 
mU) -C©J*»SWtf 2 5 0 OJiU:, IfiMmttEE^ 
6 0V/>m J6JLh®WttS:3fe»^S&. 3*vtt, SRB 

fWfs^^sjeaifi^. (d) 

(t) fflJt^d/t>l. 0fc«;S«k-5<feflPpKt?^R 

fc, *»W©SWf«il»i. WfcffljfflRlooMHzlc 

j3^T%, J:bSI«^^2 0 0 0RJ:©'1fK^U iSM 

[0 0 10] -fLT, 3(c9ffi9C!>9rafHnX^ MgNb 
^*(c V xT, MgStfNb <2^fb-^ra©J5f&{E 

3t J&M g - O - N b Hf^ & *"T *M g N b «^T;i/3 
f> KSi-^^ii:, 3COM g N ba#T^/3#S/ K5J^-S: 
^tf*5^©iSvx^S:fflVN, «iK©?(Sv^Pb <Mg!/ 3 
N b2/3 ) O3 - P b T i O3 iiflBftigftfe^fftU 3 
©ttf!|g<*^S «: 0 . 3 — 0. 75m mCDff»TaStELh(C 
^ffJU. MMiaL^ «WW6ii:tc«fey. *8>Wa 



3 

[0 0 12] aSSS<3D®K-eSBC=l7>/<>f h (MgN b 
2 06 ) iZ&m&Zft-O, »Mg-0-Nbfi^ 

Pb (Mgi/3 Nb 2 /3 ) 0 3 -PbTi0 3 
[0 0 13] *«W©aS«<t«BRK:fil-tSfflPpta 

liS'JO. 3-0. 7 5AmfflBW*^fiRRllB4:«:S 
[0 0 14] 

JfiBH&jSLTJsy, Btfft©SW<*Jlffit2tCtilESD© 
*£-?3##£UT^So 33T% WKfl (d) ^ffliSt 
(t) ©Jfcd/t#l. Oiy^SV^a^fcflPPfiH^ 

JSUkoWKeT- 3 £> & S d £: #g * U \, 

[0015] *&w<Dm , mmmimiz&^Tit, t-r 

^fp^MtLTPb, Mg, Nb, T iomffl&mik^ 
[0 0 16] ifM S> MNbfflfiM, 

T;b3^pi/ K*^e>i»R3n*^3&< i «©m g -fbi=r 

% Nb-fb-n^S:. Mg : Nb=l : 2 CO^l/JfcT* R 
(OH) 2 . R : mmm3£Lt<D7)l*)im) 7^3*1 

s 2-fffiOT;b=i-;b^{cti^-r-5. 

[0017] mmmtfj^ m<D*w&c»m 

So 

[0 0 18] ^tf)B$, j^^2©x5 1 U>yU=i-;i/$: 

^fetctt2fiST;b=i-;i/^^(Z)^#^fillT'fe 

»J, ^P^CsS^T, 1, 3£<fcl>'2, 4&BtC2kl££ 
fc#U ^J«LfeMgNba^7;i/3*S/Kd^?-4:©7 



(3) 11-103022 

4 

JUfc^fftSJ:-^ 1, 3-^D;1>yt-;i/, 1, 3 

-•f9yy*-)w 2, 4-^^y*-A*5i«E 
£;n^-ts*#S£Lv\, 

[0 0 19] * fe$S^M g - O-N bg^5:f tl>IVI 
g N bm^TJVzi^i/ K$H=-&»5tCtt, TOi^* 
#?£#$>S. (l)MgfflM^>iStNb(D7;i/=i 
* 2/ K i: oHRJBiftmc «fc y , ^«T©Btx;x-r 
5:{)Kl-r-g>*&, (2) MgfeJ:rjfNbOT;i/3*2/K 

10 S-tt, aS8tWttc«fc*tt£*b«:fTofe|fc x 

fb»l«:JS<ftr*&#i$. (3) Mg<D*HMbtt£N b07 
;i/n#2/h\ feSVHiMg©T;i/3^r2/KtNb(7)7Kge 

[0 0 2 0] J^<ZH\rtt2WD^&/§l^**BC J: y. 

g -o-n big^&^-rsMgN b»^r;i/3^i/ k# 
20 ffca*bv\ 

[0 0 2 1] (Pb) Mffl&. T)V 

Kj&»*>iBJR3*i5<Mfc< tt> l«©«&fb£*»&± 
IBM g — N b S^i$lC?InL, Pb: (Mg + Nb) 

= 1 : i©^;i/it*^e>ja;SPMN^pjg?g[i:t* So ~<z> 

B*, Pb&»%ifi*!tCLTfc&V\, 
[0 0 2 2] $ <btC?§?&tf>StegS:±tf ft«^tt. 9 01C 

j^e, i o oicT?®iffl»fi^iS^S:4Tt3T%jj:v». 3©sn 

*ftfi^Cj:y, «10 0cPRh<Oi(Sv^e»EHiKS:* , r 

30 [0023] PbTio 3 (pt) im^mm-m (P 

b) 0>«$HK£, &»t& 7;i/3*2/Kfre>»»V&ii> 
* < H % l aco&Mbitrfei:^* > (Ti) 0)£ttIfe8L 

7^3 2/ e>»i*l&^3JS < %» 1 ffiOf 1 
*Mb^*4:, 2flST;b3-A4fflKfcS:ia^U 

OcP~l 0 0 cPCD^&ffSZl^^T-gSo 
[0024] PMN-P TIWE««»[t45felC^J« L t=. P 
M N miigfls^S i: P T«flEft»» feft^-T *<ftc ioT 

40 *J:S*<. ^^iS7 0 c P^^iKri 2 0 0c PT* 

So 

[0 0 2 5] m^UcPMN-PT»Sgi5:ffl 

v^x, Tap«ffi®««$nfcis«±K:^tr>3- hiss, 
f-fy^-hi*. T.^ , u-jaKst©#i*tc«tyiaiR-r 

So 

[0026] ^cis^. i o 0Tc«T®asft-r9a»&tf o 
3 o o*c~4 o o'C(D^mz'mmi:^\ 

fC«9Lfc*«M4»S:«Sj»S-e, ^;HKii^So lOOt 
50 S^tC^T*feS„ 



I 



5 

[0027] m^ftt- V^vV mtt^ffMSA 7 5 0 °C 

-8 5 o-cx-)m^7^\ ti^amrnwmwwz 

feJ:t>m^^C^J:^*\ fSSgllll^JO. 3-0. 
7 5m mt-$>5„ $ <blCjiJP<fr < -fZWrSlifSM 

^s*i*«Bii®*«<a*Lv^ io 
[0028] ^mm<mmn^y^r^ p 

U Au. Cr, Ni, C u#£7;i/5-?\ Wr<i 
[0 0 2 9] 3<Z)THPW1(Z)S®{C, ±IESi§S#gl£ 

±m%mx&mormi&u zcDmcmwtmmmmic 20 

TWtii i: BflKc LT_hg|S«*I£/*!g|-r £ i t fc «t U ft 
[0 0 3 0] 

g^EMgi;Nbxh^£/FS:l : 2CD ; E;HtT'ff*L, 
1, S-^D/'N^^Pr-^Hf-C-jgg^^ (1 2 41CT6 
B»B) &f?v\, MgNbI^7;w^>W (Mg = 
5mmo 1, NblOmmol, 1, 3-^nA>^ 30 
-;H5 0mmol) ft^Lfe. &fC»*tt3*fD!» 
lSmmol'^MtPb : (Mg +N b) = 1 : 1 {C 
*& J: 3 8te U 6 0 TC T? 2 5 4MW»i-**tC J: »J jffig 

a-e, PMNjffl&Mife. 



4f HIPP 1 1- 1 0 3 0 2 2 

6 

[0 0 3 1] -<y^D^i/Ti (1 5mmol) 
b Gfc&MW S:^;i/JtP b : T i = 1 : 1 lcfc& J; 

V\ PbTi0 3 (PT) MS^Lfc. 

[0032] ^i&Lf-PMNmMimmtPTmm® 

mt^JlstttfPMN : PT=0. 9 : 0. HZ&Z>£? 
»£U W,5Sl3OcP0PMN-PTi^M 
G88RA) fcUfc. 

[00 3 3] mtfi&KA ■& 9 0°CT-*D^M^^i±. 
Hi£3 0 0 c P (»«B) , %}£NiK5 6 0 c P G&K 

C) 

[0 0 3 4] ®ti£££P t (1 1 1) #6 5 0*CT»;* 

*y mMZfrtty r 4 r$ttgaa&R.n «fc 5 

»«J:C7)±iBPt®i©«ffi{C, flfffB3i«©^^ 
(flWRA, B, C) &Xtf>=l-^-T% 2 500 rp 
m. , 3300rpm. s 5 0 0 0 r p m. (D&Sggkflr 
■p-ttl-fiTffiWU *8»Siifeffe SOOXJTfflWflHS: 
ffv\ ^5'!/i'©«iV^;i«S:ffiHUfc. -t<Z)ffe. 8 3 

IO& ^5*^WiSLi!i*o!feWBfK:|8»J, 2HM3J: 
[0 0 3 5] LCR*-*- (ta9U*;h;'5 

Ktt«|HP4 2 8 4 A) Srffl^T, Sfflgn^f^ 

|?HP4140B) SM^T, OV^b 1 0 OVOit^ 
flffifcMlbT. 'J -4M»Mt# 1 X 1 0-3AR±£:& 
ofcl*A«:J|«i«WtU-C»li5bfc. WfiEffi (d) I* 

^TKffiLfc. BW (t) l±S$BI<Z)BfT®SEM«i 

[0 0 3 6] 
[*1J 



(5) 



#HiPP 1 1-1 0 3 0 2 2 







Jftitt 












d/t 




ifctt& 




No. 


No. 


use 


<rpm. > 


JRJ? 




t 
















(cP) 








V m 


Am 










I 


A 


130 


5000 


0. 30 


1 


0.30 


3.3 


11.0 


3100 


85 




2 


A 


130 


WOO 


0.3U 


2 


0.63 


3.6 


5.7 


3200 


80 




3 


A 


130 


5000 


0.30 


3 


0.9 


3.8 


4.2 


3100 


75 




4 


A 


130 


3300 


0.4 


1 


0.4 


2.5 


6.3 


3000 


77 




5 


A 


130 


3300 


0.4 


Z 


0.8 


2.8 


3.5 


3100 


70 




6 


A 


130 


3300 


0.4 


3 


1.2 


3.0 


2.5 


3100 


70 




7 


A 


130 


250O 


0.65 


1 


0.65 


1.4 


2.2 


2700 


67 




8 


A 


130 


2500 


0.65 


2 


1.2 


1.8 


1.5 


2700 


65 




9 


A 


130 


2500 


0.65 


3 


2,0 


2.3 


1.2 


2S00 


65 




10 


B 


300 


5000 


0.4 


I 


0.4 


2.5 


6.3 


3000 


75 




11 


B 


300 


5000 


0.4 


2 


0.7 


2.8 


4.0 


3100 


75 




12 


6 


300 


5000 


0.4 


3 


1.15 


3.1 


2,7 


3000 


70 




13 


B 


300 


3300 


0.6 


1 


0.6 


2.1 


3.5 


30S0 


70 




14 


fi 


300 


3300 


0.6 


2 


1.15 


2.4 


2,1 


310Q 


65 




15 


B 


300 


3300 


0.6 


3 


1.7 


2.6 


1.5 


3100 


60 




1C 


C 


SCO 


5000 


0.55 


I 


0. 55 


1.2 


2.2 


2700 


67 




17 


C 


660 


5000 


0.55 


2 


1.0 


1.4 


1.4 


2600 


65 




18 


c 


560 


5000 


0.55 


3 


1.45 


1.6 


l.l 


2700 


60 




19 


c 


560 


3300 


0.75 


I 


0. 75 


1.2 


1.6 


2800 


65 




20 


c 


560 


3300 


0.75 


2 


1.3 


1.5 


1.2 


2800 


60 




•21 


c 


660 


3300 


0.75 


3 


2.1 


2.3 


1.2 








•22 


D 


6 


3300 


0.09 


10 


O.S 


0.4 


U.44 


2000 


45 




•23 


E 


2 


3300 


0.04 


20 


o.a 


0.3 


0.38 


1800 


40 




♦24 


D 


6 


3300 


0.09 


4 


0.36 


0.2 


0.56 


1900 


50 




•25 


D 


6 


3300 


0.09 


3 


0.27 


0.15 


0.56 


1800 


47 





[0 0 3 7] £<0*lfr!?», #3&8©tSPft?tt. WJ&» 
»lkHz (gfi) Ttattgmfrifi 2 5 0 0 &Jc ffi 
iiitE^6 0V//tm i^(D&&l£W&T<%Z> 0 30 
^lHS'JO. 3~0. 7 5ittni©IWreiWI! 

[0038] immi 

iU 2-* h*^*;-frfpT*mffi£it (1 24-C 

(Mg = 5mmol, NblOmmol, 2-^h^rS/ 
ji$ J-Jll 5 Ommo 1 ) fe^Lfco 

[0 0 3 9] ^HB^B (feSKfe) 15mmoltl5 
Ommo 1(02-^ H^ri'l^/'-MS^U 1 20 40 
TJTCWSIBSWttCJ: 'J. P b«WBtt»K8:^»Lfc. 

[0 0 4 0] MgNb»«fcPbflaBf**S&^l/ibP 
b : (Mg+Nb) =1 : 1 IC^S^^U ^i&T* 
-HNHtfPU PMNfJSgft^&llrf&Lfc, 

[0 04 1] -fV^D^i/Ti (15mmol) 
SfPb <te#m) fc^bitPb : Ti = l : lJC**«fc 

V\ PbTi0 3 (PT) SSKfe-^Lfe. 

[004 2] GtitLtz. PMNWM&mit P TtuSgflsjg 
JRil^Uit^PMN : PT=0. 9:0. KC^-SJ:^ 50 



ffi£U ^fi5S6 cP©PMN-PTffiflj$8»[ 

D) ilbfe. S&»C»^T3^#f*LttK2 

cP©g«E&Mlt„ 

to 04 3] mmmi tmm^ wmtte&p t (n 

1) *^6 5 OTn?*^y*^Sfrfc-*:77>f T$t*tft 
*K±©±IBPt«KD*®(C. E-weft,£ 
Jgl^T. *e>n-#-T*3 3 00 r pm. (D^S^{* 
TfJfflKU 8 3 0Xn?14HSI <0»B*«:4?v\ 
KJ?0. 9(tm, 0. 8 Aim<Z>2®Stf)&K5:$Sfc. 0 

[0044] ift&wtsareti. fiRBtiiaay, -tn-f 

*l0. 0 9Atm. 0. 0 4/ t mLA^It53^T^ 

■€■ n-eri i oi, 20 wmm.<D0m^ ! £mt u 

-tn-?*l*&9 5%T*feofc„ 
[0 0 4 5] *l©|WNo.2 2~2 5tC4Hfe#T«s»( 

<&. 

[0 0 4 6] 

{WHO***] Ri:fB«Lfc«ttc, ^TOc J:tUi, ¥ 



(6) 



*skes (d) tmm (t) ©jtd/t#i. o*»j^ 
^ e>«sf»s pmn-p rmmmm 

Kiits^tiaot, auj&saaRikHz mu) VCD 

}£mW¥tf 2 5 0 0 JK±. 1fflamW£tfi 6 0 V/ ,u m 

3n6BWi(Mns;fi<«Btiiaayo. 3~o. 7 5^ m 



10 



ffUg^P 1 1-103022 

10 

[0ffi<Z)ffi#&8BBJi] 

[Hi] #e>nfc««fl^&^t-s*sffl*a^s:«K 

1 • • • 

2 • • • 

3 - ■ ■ fispKT- 



[1] 



[02] 





(51)Int.C1.6 fSS!lia-§- 
H 0 1 G 4/10 

4/12 3 5 8 

H 0 1 L 27/108 
21/8242 



F I 

H 0 1 G 4/10 
H 0 1 L 27/10 



6 5 1 



Searching PAJ ' ' 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 

(1 1 publication number : 11-1 03022 

(43)Date of publication of application : 13.04.1999 



(51)Int.CI. 



H01L 27/04 
H01L 21/822 
C23C 18/12 
3/00 
3/12 
4/10 
4/12 
H01L 27/108 
H01L 21/8242 



H01B 
H01B 
H01G 
H01G 



(21 Application number : 09-264562 
(22)Date of filing: 29.09.1997 



(71 Applicant : KYOCERA CORP 
(72)Inventor : NAGAKARI HISANORI 



(54) THIN DIELECTRIC FILM AND MANUFACTURE THEREOF 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a thin dielectric film having both 
of higher relative dielectric constant and higher insulation and a 
manufacturing method thereof. 

SOLUTION: In a thin dielectric film 2 having a thickness of 0.3-2 urn 
consisting of perovskite-type crystal grains 3 containing Pb, Mg, Nb and Ti 
as metal elements, the perovskite-type crystal grain 3 has a grain 
diameter D and the film consists of flat grains 3 whose average diameter d 
is larger than the film thickness t. Here, the thin dielectric film 2 has a 
relative dielectric constant not less than 250 and a breakdown voltage not 
less than 60 V/u.m at frequency 1 kHz (at room temperature) for 
measurement. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The dielectric thin film to which it is the dielectric thin film of 0.3-2 micrometers of thickness which consists 
of a perovskite type crystal grain child who contains Pb, Mg, Nb, and Ti as a metallic element, and the mean particle 
diameter d is characterized by the bird clapper by the aforementioned perovskite type crystal grain child from a larger 
flat particle than Thickness t. 

[Claim 2] The dielectric thin film according to claim 1 characterized by for 1kHz [ of test frequencies ] (room 
temperature) specific inductive capacity being 2500 or more, and a dielectric breakdown voltage being 60v/micrometer 
or more. 

[Claim 3] The process of the dielectric thin film characterized by producing the precursor solution of the perovskite 
type multiple oxide containing Pb, Mg, Nb, and Ti using the MgNb compound alkoxide molecule which has a stable 
Mg-O-Nb combination under existence of the organometallic compound which uses dihydric alcohol as a solvent and 
has other nucleophilicity, and applying, heat-treating and calcinating this precursor solution by the thickness of 0.3- 
0.75 micrometers on a substrate. 

[Claim 4] Dihydric alcohol is the process of the dielectric thin film according to claim 3 characterized by being 1,3- 
propanediol, 1, 3-butanediol, 2, and 4-pentanediol. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the dielectric thin film of the thin layer 
capacitor which can be especially used for DRAM and a decoupling capacitor, and its process about a dielectric thin 
film and its process. 

[Description of the Prior Art] In recent years, the miniaturization of electronic parts and thin film-ization are demanded 
with the miniaturization of electronic equipment. Especially, the formation of small large capacity of a capacitor is 
indispensable. 

[0003] The forming-membranes methods, such as a sol gel process, a spatter, and CVD, are conventionally used as a 
thin film capacitor material, and it is Ta 205. SrTi03 and Ti03 (Ba, Sr) Although it mainly inquired, since the specific 
inductive capacity of these material was small, it was difficult to realize a small mass thin film capacitor. Then, 
although thin film-ization of the perovskite type multiple oxide represented by Pb(Mgl / 3 Nb 2/3) 03 which has big 
specific inductive capacity and the good temperature characteristic (it may be called Following PMN) is tried in order 
to realize these small mass thin film capacitors, the present condition is that, as for 2000 or more thin film materials, 
the specific inductive capacity in a room temperature is not obtained. 

[Problem(s) to be Solved by the Invention] However, the insulation of a dielectric thin film tended to become small 
with increase of specific inductive capacity, and, generally the insulation of the dielectric film which shows high 
specific inductive capacity was considered to be small. That is, the dielectric thin film material which combines high 
specific inductive capacity and high insulation was difficult to get. 

[0005] Moreover, for the low reason, by the above-mentioned thin film formation method, the trouble [ efficiency / 
membrane formation ] of being scarce was in practicality as the technique of producing a thin film capacitor on 
problems, such as crack initiation. 

[0006] this invention aims at offering the process which can obtain easily the dielectric thin film and such a dielectric 

thin film which combine high specific inductive capacity and high insulation. 

[0007] 

[Means for Solving the Problem] The dielectric thin film of this invention is a dielectric thin film of 0.3-2 micrometers 
of thickness which consists of a perovskite type crystal grain child who contains Pb, Mg, Nb, and Ti as a metallic 
element, and the mean particle diameter d consists [ the aforementioned perovskite type crystal grain child ] of a larger 
flat particle than Thickness t. As for a dielectric thin film, it is desirable for 1kHz [ of test frequencies ] (room 
temperature) specific inductive capacity to be [ for 2500 or more and a dielectric breakdown voltage ] 60v/micrometer 
or more. 

[0008] Moreover, the dielectric thin film of this invention produces the precursor solution of the perovskite type 
multiple oxide containing Pb, Mg, Nb, and Ti using the MgNb compound alkoxide molecule which has a stable Mg-O- 
Nb combination under existence of the organometallic compound which uses dihydric alcohol as a solvent and has 
other nucleophilicity, and is produced by applying, heat-treating and calcinating this precursor solution by the 
thickness of 0.3-0.75 micrometers on a substrate. Here, as for dihydric alcohol, it is desirable that it is 1, 3 -propanediol, 
1, 3-butanediol, 2, and 4-pentanediol. 
[0009] 

[Function] At the dielectric thin film of this invention, 1kHz [ of test frequencies ] (room temperature) specific 
inductive capacity is 2500 or more, and a dielectric breakdown voltage is 60v/micrometer. The above property can be 
attained. This is because film insulation can be improved, in order that the number of grain boundaries may decrease in 
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a thin film side at the same time it discovers the high specific inductive capacity which is the feature of the large bulk 
object of particle size, since the crystal grain child who constitutes a dielectric layer becomes the flat particle shape 
from which the ratio of a mean particle diameter (d) and thickness (t) is set to d/t>l .0. Moreover, also in 100MHz of 
test frequencies, specific inductive capacity has 2000 or more properties, and the dielectric thin film of this invention 
has high specific inductive capacity also in a RF field. 

[0010] And in case the dielectric thin film of this invention compounds a MgNb compound alkoxide molecule, it is set 
in a dihydric alcohol solvent. It also puts under existence of other nucleophilic organometallic compounds using the 
reaction promotion between the metallic compounds of Mg and Nb, and the technique of stabilizing a compound 
alkoxide molecule. The MgNb compound alkoxide which has a stable Mg-O-Nb combination is made to compound. A 
solution with the high viscosity containing this MgNb compound alkoxide molecule is used, and it is Pb(Mgl / 3 Nb 
2/3) 03-PbTi03 with high viscosity. A precursor solution is compounded. After applying this precursor solution on a 
substrate and heat-treating it by the thickness of 0.3-0.75 micrometers, the dielectric thin film of this invention can be 
easily obtained by calcinating. 

[001 1] The high specific inductive capacity in the dielectric thin film of this invention originates also in the structure of 
the precursor molecule in an application solution besides the factor by a crystal grain child's flat structure. 
[0012] It is Pb(Mgl / 3 Nb 2/3) 03-PbTi03, without being stable and destroying Mg-O-Nb combination to other 
nucleophilic organometallic compounds (for example, lead acetate), since the MgNb compound alkoxide molecule 
which already has the structure near a cholane byte (MgNb 206) in the stage of a solution and which has a firm Mg-O- 
Nb combination is formed. Since a precursor is formed, high specific inductive capacity is realized. 
[0013] Moreover, since the thickness per membrane formation increased by the increase in viscosity of an application 
solution, the flat particle in the dielectric thin film of this invention is generated. This is because the grain growth after 
crystallization grows as a flat particle with a large particle size to the thickness which generated within the film surface 
and was shown above while the concentration of the precursor which exists in the film becomes high and formation of 
0.3-0.75 micrometers [ per membrane formation ] thickness is attained for increase of application thickness. Moreover, 
generation of a flat particle enables it to obtain the dielectric thin film which has the high insulation of a 60v 
[/micrometer ] dielectric breakdown voltage, in order that the number of the grain boundaries may decrease. 
[0014] 

[Embodiments of the Invention] The dielectric thin film of this invention is characterized by consisting of flat particles. 
The cross section and dr aw ing 2 which show the state where drawi ng 1 formed the dielectric thin film 2 on the 
substrate 1 show the plan, and the particle 3 of particle size D exists in the dielectric thin film 2 of Thickness t. here — 
the ratio of a mean particle diameter (d) and thickness (t) — the case where d/t was larger than 1 .0 was defined as a flat 
particle 3 In especially the dielectric thin film of this invention, four or more flat particles 3 to a bird clapper has [ two 
or more ] desirable d/t for specific inductive capacity and the improvement in insulation resistance. 
[0015] In dielectric thin film production of this invention, the precursor solution which the organometallic compound 
of Pb, Mg, Nb, and Ti dissolved uniformly as an application solution first is prepared. 

[0016] The organic acid chloride of Mg and Nb, mineral salt, at least one sort of Mg compounds chosen from an 
alkoxide, and Nb compound are first mixed to the alcoholic divalent solvent shown by the mole ratio of Mg:Nb=l :2 by 
R(OH)2 and the three or more R:carbon numbers alkyl group. 

[0017] Reflux operation is performed after mixture and the MgNb compound alkoxide molecule which has a stable 
Mg-O-Nb combination under existence of other nucleophilic organometallic compounds is compounded. 
[0018] If the ethylene glycol of a carbon number 2 is used as a solvent at this time, the bridge formation effect of a 
solvent will be promoted and nebula and gelling will arise. In order to think the stability of an application solution as 
important, the molecular structure of a dihydric alcohol solvent molecule is important, and it is desirable to choose 
solvents, such as 1 which takes 6 member ring structure and has stabilization effect according to alcoholic exchange 
reaction with MgNb compound alkoxide molecule which had and compounded hydroxyl group in 1, 3 and 2, and 4 
position in molecule, 3 -propanediol, 1, 3-butanediol, 2, and 4-pentanediol. 

[0019] Moreover, in order to obtain the MgNb compound alkoxide molecule which has a stable Mg-O-Nb 
combination, there are the following methods. (1) How to promote a ** ester reaction within a molecule by reflux 
operation with the carboxylate of Mg, and the alkoxide of Nb. (2) How to add the stabilizing agent represented by an 
acetic anhydride, an ethanolamine, the acetylacetone, etc., after mixing the alkoxide raw material of Mg and Nb to a 
solvent, raising the temperature of a solution to the boiling point of a solvent and performing composite-ization by 
reflux operation. (3) Promote a dealcoholization reaction within a molecule by reflux operation of the hydroxide of 
Mg, the alkoxide of Nb or the alkoxide of Mg, and the hydroxide of Nb. 

[0020] Although the MgNb compound alkoxide molecule which has a stable Mg-O-Nb combination under existence of 
other nucleophilic organometallic compounds by using one technique of more than is compoundable, especially the 
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method of (1) is desirable also among these. 

[0021] Next, at least one sort of lead compounds chosen from leaden (Pb) organic acid chloride, mineral salt, and an 
alkoxide are mixed in the above-mentioned Mg-Nb compound solution, and it considers as the PMN application 
solution which consists of a mole ratio of Pb:(Mg+Nb) =1 : 1 . At this time, you may make Pb into an excess several%. 
[0022] When raising the viscosity of a solution furthermore, you may perform heating polymerization operation at 90 
to 100 degrees C. By this heating polymerization, the application solution which has the high solution viscosity of 
several 100 or more cPs can be obtained. 

[0023] PbTi03 (PT) precursor solution mixes at least one sort of lead compounds chosen from leaden (Pb) organic 
acid chloride, mineral salt, and an alkoxide, at least one sort of titanium compounds chosen from the organic acid 
chloride of titanium (Ti), mineral salt, and an alkoxide, and a dihydric alcohol solvent, and is obtained by performing 
reflux operation. In this case, solution viscosity can obtain the solution of 50cP-100cP. 

[0024] A PMN-PT precursor solution is obtained by mixing the PMN precursor solution and PT precursor solution 
which were compounded previously. Although the solution viscosity after mixing is based also on the viscosity of a 
PMN solution, they are about 1200 cP(s) from solution viscosity 70cP. 

[0025] Membranes are formed by technique, such as the spin coat method, a dip coating method, and a spray method, 
on the substrate in which the lower electrode was formed using the these-produced PMN-PT application solution. 
[0026] After membrane formation, after drying at the temperature of 100 degrees C or less, it heat-treats at the 
temperature of 300 degrees C - 400 degrees C, the organic substance which remained in the film is burned, and it 
considers as a gel film. The dryness process 100 degrees C or less is required in order to prevent crack initiation in the 
stage of a gel film. 

[0027] A gel film without the obtained crack is calcinated at 750 degrees C - 850 degrees C, and the dielectric thin film 
of a crystalline substance is produced. Although the thickness of the obtained dielectric thin film is based also on the 
viscosity and the membrane formation conditions of a solution which were used, it is 0.3-0.75 micrometers per 
membrane formation. When enlarging a bed depth furthermore, membrane formation operation is repeated. However, 
in order to suppress the crack initiation after baking, it is required for the thickness after baking to be 2.0 micrometers 
or less. Moreover, when an insulating property is taken into consideration, the crystal grain child in a dielectric layer 
has the desirable organizations which consist of flat particles whose particle size is 0.5-2 micrometers. 
[0028] The thin film capacitor of this invention forms Pt, Au, Cr, nickel, Cu, etc. by technique, such as a spatter, a 
vacuum deposition, and gravure, on the substrate chosen from an alumina, sapphire, Si, etc., and forms a lower 
electrode. Although there is especially no limit in the surface roughness of a substrate at this time, in order to prevent 
the crack initiation of the film by bulging in an electrode-substrate interface, it is important to raise the adhesion 
between electrode-substrates. 

[0029] The above-mentioned dielectric film is formed and formed in the front face of this lower electrode layer by the 

above-mentioned method, and it is obtained by forming an up electrode as well as a lower electrode on a dielectric thin 

film front face next. Moreover, a multilayer capacitor is obtained by carrying out the laminating of a dielectric layer 

and the electrode by turns. 

[0030] 

[Example] 

Weighing capacity of the example 1 acetic acid Mg and the Nb ethoxide was carried out by the mole ratio of 1 :2, reflux 
operation (it is 6 hours at 124 degrees C) was performed in 1 and 3 -propanediol, and the MgNb compound alkoxide 
solution (Mg=5mmol, NblOmmol, 1, 3-propanediol 150mmol) was compounded. Next, mixed lead acetate 3 hydrate 
15mmol so that it might be set to mole-ratio Pb:(Mg+Nb) =1:1, and it was made to dissolve by heating at 60 degrees C 
for 25 minutes, and the PMN solution was compounded. 

[0031] Isopropoxy Ti (15mmol) and an acetic acid Pb (anhydride) are mixed to 1 and 3-propanediol so that it may be 
set to mole-ratio Pb:Ti=l :1, reflux operation is performed, and it is PbTi03. The (PT) solution was compounded. 
[0032] It mixed so that the compound PMN precursor solution and compound PT precursor solution, and a mole ratio 
might be set to PMN:PT=0.9:0.1, and it considered as the PMN-PT application solution (solution A) of solution 
viscosity 130cP. 

[0033] The heating polymerization of the application solution A was carried out at 90 degrees C, and solution viscosity 
300cP (solution B) and solution viscosity 560cP (solution C) were compounded, respectively. 

[0034] After Pt (1 1 1) used as an electrode applied the three aforementioned sorts of application solutions (solutions A, 
B, and C) to the front face of the above-mentioned Pt electrode on the sapphire single crystal substrate by which spatter 
vacuum evaporationo was carried out, and an alumina substrate, respectively and made it dry them by the membrane 
formation conditions of 2500rpm., 3300rpm., and 5000rpm. at 650 degrees C at a spin coater, it heat-treated at 300 
degrees C, and the gel film without a crack was produced. Then, baking for 3 minutes (inside of the atmosphere) was 
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performed at 830 degrees C. Moreover, it restricted to the sample which a crack did not generate after one membrane 
formation, the above-mentioned operation was repeated 2 times and 3 times, and the sample which thickened thickness 
was also produced. 

[0035] Then, using the LCR meter (HP4284made from Hewlett Packard A), the electrostatic capacity of a thin film 
capacitor was measured and it asked for specific inductive capacity. Using picoampere meter (HP4140made from 
Hewlett Packard B), the dielectric breakdown voltage impressed the direct current voltage of 0V to 100V, and 
evaluated the time of a leakage-current value becoming more than lxl 0-3 A as dielectric breakdown. The mean particle 
diameter (d) was computed from the SEM observation photograph on the front face of a thin film using the intercepting 
method. Moreover, thickness (t) was computed from the cross-section SEM observation photograph of a thin film. 
These results were indicated to Table 1 . 
[0036] 
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[0037] At the sample of this table 1 to this invention, 1kHz [ of test frequencies ] (room temperature) specific inductive 
capacity is 2500 or more, and a dielectric breakdown voltage is 60v/micrometer. The above property can be attained. 
Moreover, it turns out that a thin film is producible by 0.3-0.75 micrometers [ per membrane formation ] thickness. 
[0038] Weighing capacity of example of comparison lMg ethoxide and the Nb ethoxide was carried out by the mole 
ratio of 1 :2, reflux operation (it is 24 hours at 124 degrees C) was performed in the 2-methoxyethanol, and the MgNb 
compound alkoxide solution (Mg=5mmol, NblOmmol, 2-methoxyethanol 150mmol) was compounded. 
[0039] Next, the 2-methoxyethanol of lead acetate (anhydride) 15mmol and 150mmol(s) was mixed, and Pb precursor 
solution was compounded by distillation operation at 120 degrees C. 

[0040] The MgNb solution and Pb precursor solution were mixed so that it might be set to mole-ratio Pb:(Mg+Nb) 
=1:1, and it agitated enough at the room temperature, and the PMN precursor solution was compounded. 
[0041] Isopropoxy Ti (15mmol) and an acetic acid Pb (anhydride) are mixed to a 2-methoxyethanol so that it may be 
set to mole-ratio Pb:Ti=l :1, reflux operation is performed, and it is PbTi03. The (PT) solution was compounded. 
[0042] It mixed so that the compound PMN precursor solution and compound PT precursor solution, and a mole ratio 
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might be set to PMN:PT=0.9:0.1, and it considered as the PMN-PT application solution (solution D) of solution 
viscosity 6cP. Furthermore, it diluted with the solvent 3 times and the solution E of viscosity 2cP was compounded. 
[0043] the front face of the above-mentioned Pt electrode on the sapphire single crystal substrate to which the spatter 
vacuum evaporationo of the Pt (1 1 1) used as an electrode was carried out at 650 degrees C like the example 1 - 
Solutions D and E — using each, membranes were formed on the membrane formation conditions of 3300rpm. by the 
spin coater, baking for 1 minute (inside of the atmosphere) was performed at 830 degrees C, and the thickness of 0.9 
micrometers and two kinds of 0.8-micrometer thin films were obtained 

[0044] With these solutions, in order to be able to produce only 0.09 micrometers and 0.04 micrometers, respectively 
but to obtain the dielectric film which is the dielectric-layer thickness of about 1 .0 micrometers per membrane 
formation, 10 times and about 20 membrane formation are needed, respectively, and it turns out that it is the low 
process of membrane formation efficiency. When the perovskite yield was calculated from the X diffraction result of 
the obtained thin film, it was about 95%, respectively. 

[0045] The ratio of the thickness produced on each conditions to sample No.22-25 of Table 1 , a mean particle 
diameter, a mean particle diameter, and thickness, specific inductive capacity, and a dielectric breakdown voltage are 
shown. As compared with the example of this invention, it turns out that specific inductive capacity and the dielectric 
breakdown voltage are inferior. 
[0046] 

[Effect of the Invention] according to [ as explained in full detail above ] this invention -- the ratio of a mean particle 
diameter (d) and thickness (t) - a dielectric film with a dielectric-layer thickness of 0.3-2 micrometers which 2500 or 
more and a dielectric breakdown voltage become [ 1kHz / of test frequencies / (room temperature) specific inductive 
capacity ] from a 60v [ /] or more perovskite type multiple-oxide crystal micrometer can obtain by forming the PMN- 
PT dielectric thin film by which d/t is constituted from a larger flat particle than 1 .0 These dielectrics thin film is 
realizable by using the high process of the membrane formation efficiency which can be formed by 0.3-0.75 
micrometers [ per membrane formation ] thickness. By carrying out opposite formation of the electrode of a couple at 
both sides of such a thin film, and producing a capacitor, it is not based on a test frequency, but a high dielectric 
constant can be shown and the good thin layer capacitor of an insulating property can be obtained in a practical 
process. 
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